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Abstract: We present thdesign of tunable capacitor based on MEMS simulated using COMSOL Multiphysics, whict
emerging engineeringoftware environment used for modelling and simulation of any piysical based structure. This
includes an electrostatic simulation for a given disti. The response time obtained igs3 he tunable capacitor is a typic
component in various micro@omechanical systems (MEMS) for electromagnetic fields in the radio frequency
300 MHz to 300 GHzAIso the design of a tunable inductor has been presented which can be cowith tunable capacitor
to generate a high frequency range is obtainhich has applications in wireless local loop, satellite communication, r
terrestrial microwave links and specialized laboratory experin
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1. INTRODUCTION

Micro-ElectroMechanical Systems, or MEMS, is defined
miniaturized mechanical and electreechanical elements th
are made using the techniques of micrc fabricatiowvariable
capacitor is a capacitorwhose capacitance may
intentionally and repeatedly changed mechanically
electronically.Tunable parallel-plate capiéors are wide use
in RF MEMS. They araused in microrelays, micromirror
micro actuators, micro switches, micro position sens
voltage controlled oscillators (VCO), resonators, tuni
filters, onchip matching networks, passive filters, po\
amplifiers, radio transmitters and othar tug circuits for
electrostatic actuation and sensing

2. TUNABLE MEMS CAPACITOR

The tunable MEMS capacitor is consisting of two pare
plates. Out of the two plates one is movable and the ott
fixed. There is presence of dielectric material in betweese
plates. The motion of the variable plate can be altere:
either by varying the position of the plat or by the applica
of voltage/pressure.

A
C = 6,605
where Cis the capacitanceAis the area of overlap of tt
two plates.g is the electric constanty(~ 8.854x1(*?F nT
Y, dis the separation between the plates, ¢, is the relative
static permittivity(sometimes called the dielectric constant
the material between the plates (for a vacL ¢, = 1).
The modelling of tunale MEMS capacitor is consisting
four sections. The sections are discussed b

2.1 Building geometry -

Ten solid blocks were built. The blocks were built by us
the specifications, which includes information regarding t
position (x- , y- , z- oordinates) and size (width, dep
height). A cylinder was built which acled as a connecto
between two plates. Then all these entties were integrate
using union. Then the lower plate (whch is fixed) was t

with two solid blocks and integrat by forming another
union. Thereafter a block was built which enclosed all
entities built till now.

2.2 Material Definition -

The materials for the plates (electrodes) and the diele
were defined by using the material browser window.
electrodeAl metal was used and S, was used as dielectric.

2.3 Meshing —

Meshing of the built geometry was done and the typ:
meshing used was free tetrahedral mesl|

2.4 Results -

In the Model Buildemwindow, Study 1 was right clicked and
Computeoption was chosen for computation purp

Then by using Derived valuesGlobal evaluation(present in
model builder window) and surface plot we were able tc
the final 3D plot of the model along with the capacitar
valug which was found to be 0.CpF.

2.5 Boundary conditions —

Potential boundary conditions are applied to the cape
plates and bars. A port concition maintains the potential
at the upper plate and the connecting bars, whereas the
plate is kept at ground pctential. For surface of the
surrounding box, apply conditions corresponding to :
surface charge at the boundary,

n-D=20

Surface. Elecinc potantal (V) Arrew

3D-view of the mode
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3. TUNABLE MEMS INDUCTOR

The Inductor is an important electrica component and
been used in electrical and electroniccuits such as VC(
(Voltage Controlled Oscillators), filters etc. Inductor w
variable inductance is the main element of the freque
based circuits such as tunable filters, voltage contrc
oscillators, frequency agile radiagconfigurable impecmce
matching networks, RF wireless devices, phase shifters
low noise amplifiers.

The modellingof spiral inductor is consisting of five sectio
3.1 Building Geometry—

By using import button in import section the fil
spiral_inductor.mphbin, was jmrted to model builde
window & Wireframe Rendering button was clicked on
Graphics toolbar.

3.2 Material Definition —

Two materials were used ene for the conductor and tl
other one was air . The properties of th: material used fa
conductor weg defined properly .The materials were app
to the respective domains.

3.3 Defining Magnetic and Electric Fields—

Some specific boundaries were selected to be use
terminal and groundThe boundaries that were not assig
were considered to balectrically and magnetically insulati
by default.

3.4 Meshing —

Meshing of the built geometry was done and the typt
meshing used was free tetrahedral meshing. Further, froi
pre defined list in the element size secton, coarse optior
chosen andBuild All command was used to build tl
required mesh.

3.5 Results —

In the Model Builder windowStudy 1 was right clickeand
Computeoption was chosen for computation purp

Thereafter in order tocombine an electric potenti
distribution plot onthe surface of the inductor with
streamline plot of the magnetic flux density in the
surrounding it , the following steps were followe

From the Results section, 3D plot group was chosen and
surface option was selected .In the settings windof
surface, ‘Thermal’ was chosen from coldable list.

By expanding the results, ‘data sets node was obte
.Solution 1 was added and in the geometry entity level
the required boundaries were specified.

From theResults>3D Plot Group 2, Streane option was

chosen and the required settings werz done in the se
window of Streamline.

By using Results>Derived Values and GlolEvaluation, the

inductance value was found to be 0755nH.The follov
representation of spiral inductor was obtai—

Surface: Electric potential (V) Streamline: Magnetic flux density

A 32829

| A 0.0319

¥ 1.6279x10°" ¥ 0

Model of Spiral Inducta

4. LC OSCILLATOR

An LC circuit, also called sesonant circuit, tank circuit,
or tuned circuit consists of ainductor, represented by the
letter L, and a capacitprepresented by the letter C. Wk
connected together, they can act as an elec resonator, an
electrical analogue oftaining fork, storing energy oscillating
at the circuit'sesonant frequen.LC circuits are used either
for generating signals at a particular frequency, or picking
a signal at a particular frequency from a more complex sit
They are key components in many electronic devi
particularly radio equipment, used in circuits sI
as oscillators, filters, tuneesic frequency mixers.

L§ v — gy

LC Oscillator Circui

The resonance effect occurs when inductive
capacitive reactanae equal in magnitude. The frequenc
which this equality holds for the particular circui called the
resonant frequency. Thiesonant frequen: of the LC circuit
is

Where L is the inductande Henry, an

C is the capacitance in Farad.

The angular frequency¥il has units cradians per second.
The equivalent frequency in units Hertz is

fo

_wo_ 1

2 VIO
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5. RESULT AND DISCUSSIONS
Table showing frequencies generated for different

Table showing capacitance values for different dielectric dielectric and inductor core materials.

materials obtained by varying the distance in between th~

Frequency( in GHz) for different core materials
plates' Dielectric Graphite Air SiC Quartz
(L=0.08326 gH) | (L=0.755 pH) | L=0.1361 pH) | L=0.7595 yH)
Distance between | Capacitance Capacitance Capacitance(in Adr 1199 39.87 93.88 3973
. o . (C=0.0211pF})
the ("lmr?{md) (m.mmfﬁrad) .mmflaradT PTIE 848 28.196 66.38 2811
Plates (dielectric — (dielectric — {dielectric — Nylon) (C=0.0422 pF)
{in micrometer) 5i0y) Polvmide) Palyethylene 8.0 163 61.92 2622
H 73 (C=0.0485 pF)
! o 0.1833 02237 PVC 7042 234 33 2333
12 0.17 0.1328 0.1763 (C=0.06113 pF)
PADA 692 23014 5418 22,94
13 01414 0.127 01431 (C=0.06334 pF)
— — Polymide 64.14 2132 302 2125
B 012 01096 01253 (C=0.0738 pF)
5 = 510 60.78 30.185 47.52 20.124
21 0.108 0.09072 0.1108 (C=0.08234 pF)
24 0.007 008752 0.1002 Nylon 599 19.93 46.94 19.87
(C=0.0844 pF)
27 0.089 007008 000141 Glass(Quariz) 385 1945 43.79 1939
T S —= - (C=0.08867 pF)
30 0.082 0.0738 0.08442 Borosilicate 174 15.10% 17855 15.143
= — - —— (C=0.1013 pF)
- 0076 006883 00736 Al;O 30.23 1660 3032 16.640
36 0.072 0.06549 0.07382 (C=0.1203 pF)
ZnQ 41.63 13.838 32.582 13.796
(c=0
H H SizNyg 383 12.79 30.135 12.76
Capacitance v/s Distance (C=0.2048 pF)
22 Table showing freuencies generated by varying the
2] Elg;;g;"ide inductor core material and using the capacitance values
_ :B ¥ sio2 obtained by changing the distance in between the two
S L] plates , where polymide is used as a dielectric material.
S ] Distance Capacitance | Frequency in GHz (for different core materials)
§ 1o ] (in pm) (inpF) Air Graphite SiC Quartz
= (L=0.755nH) | [L=0.08326nH) | (L=0.13619nH) | (L=0.75958nH)
% ®] 9 0.19 132 40.01 3128 1324
ey 12 0.132 143 4473 3498 142
“] 13 0.12 16.72 33 3036 16.67
24 12 0.109 17.34 413 1742
o] : : : B 0087 1839 1378 1854
0 o= 20 “o 1 0.087 19.63 1623 1937
distance in micromtrs. 27 0.07998 048 4812 0419
Table showing the frequencies generated by varying the [ 30 ggﬁg 1[); ?;93 1Dj
inductance and capaitance values. 5 S S5 =5
]udgcrnnceﬂ) Frgquent_"(]") Frgquenc}'(l") Frgquent_"(]") Frgquenc_"(]") Frequency v/s Capacitance
(in pH) (in GHz) (in GHz) (in GHz) (in GHz)
(for C=0.08pF) | (for C=0.0844pF | (forC=0.0738pF | (for C=0.08234pF
(dielectric — nylon)) |(dielectric- polymide)) | (dielectric- 8i0;)) -
0753 20478 199 W) 2018 70 - E=dar
—e— Graphite
0.08326 61.6 60.03 64.2 6078 —&— SiC
013619 |82 169 502 473 601 v— Quartz
0.48001 256 23 26.74 253 .
7504 N M2 gl bl E 50
0.73938 2041 19.6 21.2 20.12 o
; oy
Frequency v/s inductance 2 404
£
E—-c=n.08 eF 5
0o C=0.084 pF{Nylon) Lt 30 4
C=0.0T38 pF{Folymids)
a5 C=0.082 pF(S10,)
80 20
N 50 10 T T T
5 0.05 0.10 0.15 0.20
[T
& Capacitance (pF)
S a0
§— 35 4
30 o
20 o
15 T T T T
0.0 0z 0.4 0e 0.8

inductance (nH)
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6. CONCLUSION

This paper provides a simple and easy way for
generation of mm and um waves, which finds wide
applications in areas like radio astronomy, remote
sensing, high speed point to point wireless local area
networks, broadband internet access, wireless HD,
radar systems, weapon system, security screening,
medicine, aviation air-to-ground communications,
shortwave international and regional broadcasting,
maritime sea-to-shore services, GMDSS
communication, terrestrial microwave links and
satellite communication. The prime advantages of
using the way of generation presented in this paper
includes reduced cost, better performance, improved
reproducibility, selectivity, sensitivity, accuracy and
reliability, tolerance towards noise and minimization
of power dissipation.
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